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Maintenance
and inspection work during operation for the low speed diesel engines have to be minimized to rationalize the work and reduce the maintenance cost. For higher reliability and automatic surveillance, the detection of abnormal conditions and diagnosis of troubles have become necessary for engines.
This study analyses the temperature of combustion chamber of the low speed diesel engine at simulated operation.
The heat flux inside the combustion chamber rises up suddenly at severe conditions of operation, and that results in the abnormal temperature change, especially at piston, piston ring and cylinder liner. The temperature distribution is estimated by calculations and analyzed by finite element method (FEM). Time-aging effect of diesel engines raises heat flux on combustion chamber to the trouble of engines. 1.Introduction Recently, diesel engines are demanded for higher output performance and reliability. The minimizations of maintenance and inspection work of engines are also highly expected by the operation. However, the wearout and high temperature corrosion problem of the components of combustion chamber, such as piston, cylinder liner, and intake/exhaust valves, hinder the progress of elevating the performance and reliability of diesel engines. Subsequently, these lead to the breakdown of engines and then, the reliability of engines is suppressed. For achieving higher reliability, reduction in heat loading of combustion chamber and its components of diesel engines is one of the most important objectives.
With reference to the recent studies of thermal analysis on piston crown [1] and exhaust valve [2] , the unsteady-state heat load of piston crown, and exhaust valve are observed. Heat flux on combustion chamber in large-bored 2-stroke cycle diesel engines under severe conditions and long time of operation is the main focus of this study [3] , [4] , [5] , [6] .
Engine
Cycle Simulation
Engine Model
The schematic diagram of low speed diesel engine is shown in Fig. 1 •¬ By solving the instantaneous gas temperature, the corresponding gas pressure, mass weight, specific heat ratio and excess air ratio can also be determined by Eq.
(2), (3), (4) and (5), respectively. dp •¬ (2) •¬(3)
•¬(4)
•¬ (5) where P : gas pressure 
Combustion Heat Release
Wiebe Equation (Eq. (6)) is applied to evaluate the heat generated during combustion process. With reference to Keenan and Kaye Gas Table [7] , it shows that the specific heat ratio of gas is temperature dependent and expressed as Eq. (7).
where C0=1.4347, C1= -1.318 x 10-4, C2 = 3.12•~108, C3 = -4.8•~10-2 and ƒÉ= excess air ratio.
Cycle Performance
In the present study, the simulated cylinder gas pressure and temperature of a low speed diesel engine ( 
Heat Transfer to Combustion Chamber
The heat transfer inside engine cylinder is unsteady and leads the situation to a more complicated one. From the macroscopic point of view, the heat mass is large, therefore the heat transfer is considered as steady one. The heat transfer coefficient of the cylinder gas is approximated by Eichelberg Equation, Eq. (8). •¬ (9) where QW = heat transferred (J), FZ = heat transferred area (m2), TW = wall temperature (K), 0 = crank angle, nE = engine speed (rpm). Since the construction and cross-section area of the piston crown shown in The temperature rise mechanism of the aged piston crown due to long time operation is studied. High temperature corroded the fuel injection nozzle and the enlarged nozzle will spray more fuel and cause the higher gas temperature, and heat transfer coefficient. Fig. 7 indicates the relationship of rise in maximum temperature of the piston crown and heat transfer coefficient of cvlinder ias In Fig. 9 , it is known that after 4-year running, the maximum temperature of piston crown rises 250K. In other words, the change of fuel injection nozzle and sludge cleaning have effect on lengthening the life of piston crown.
Blow-by Gas Simulation

Numerical Model of Blow-by Gas Simulation
The pressurized gas inside engine cylinder flows from the high pressure regime to the low pressure regime. With the determined gas pressure and temperature inside the engine cylinder, the pressure and temperature of blow-by gas flowed through the gap of piston rings can be simulated by the following model shown in Fig. 10 . The blow-by gas pressure and temperature obtained from the above model are plotted against crank angle in Fig. 11 and 12 , respectively.
The blow-by gas pressure drops as flowing downstream from the top ring to the fourth ring.
Although the pressure drop occurs, the similar pressure pattern as the cylinder gas
Journal of the JIME Vol. 41, Special Issue (2006) is observed. The blow-by gas temperature at the 4 piston rings is nearly the same when the crank angle passed Top Dead Center (TDC). 
Effect of Piston Ring Gap Width
The effect of ring gap width on the blow-by gas pressure and temperature is studied and presented in Fig. 13 and 14 . As the gap width increases, the maximum pressure of blow-by gas also increases gradually (see Fig. 13 ), but the larger gap does not guarantee the increase of the maximum temperature of blow-by gas (see Fig. 14) . There is a gent increase in the maximum blow-by gas temperature at the top and second piston ring and slight decrease at the third and fourth ring with increasing ring gap width. The high temperature blow-by gas flows through the piston ring gap at around sonic speed.
Consequently, the blow-by gas heats up the engine parts, like piston ring and cylinder liner, mainly due to the heat transferred from this high temperature gas to the engine parts. In Fig. 16 , the temperature of gap surface has a fluctuation of 180K (cyan band). Its average value is about 900K. In the same manner, the temperature distribution and variation of the second, third and fourth ring with l0mm gap are obtained and analyzed. No matter of the gap width variation ranging from 10 to 30mm, the amplitude of gap surface temperature variation seems to be nearly the same, about 155K.
6. Cylinder Liner Temperature
Temperature Distribution of Cylinder Liner
Same manner as piston ring temperature analysis, temperature distribution of cylinder liner is obtained and presented below. Fig. 19 and 20 display the overall temperature distribution of 2-D and 3-D model of steady-state thermal loading. In general, the maximum temperature, about 566K, is at the highest inner portion of cylinder liner as shown in Fig. 19. Fig.  21 shows that there is a steep drop in temperature of the upper half stroke. It dropped about 170K between the top and the middle of cylinder liner at where water jacket cooling is applied. The presence of blow-by gas does not cause a great influence on the overall temperature distribution of cylinder liner. In fact, Fig. 22 shows that the blow-by gas produced a wave in the nodal temperature of finite element analysis when the piston passed that particular location point.
Conclusions
The general variation pattern of heat transfer coefficient at the piston, temperature distribution of the piston, piston ring and cylinder liner with the effect of blow-by gas of different gap widths are described.
(1) The condition of fuel injection nozzle and the sludge deposited on piston crown affect the heat loading on piston crown. The frequent change of fuel injection nozzle and sludge cleaning of piston crown prolong the life of piston crown.
(2) Greater piston ring gap leads to higher peak pressure of blow-by gas of all four piston rings gap. The peak temperature of blow-by gas through top and second rings' gap has increased, but that of third and fourth rings has decreased gently with the increasing gap width.
(3) Heat transfer of blow-by gas to cylinder liner is small when it is compared to the mass of cylinder liner. As a result, blow-by gas does not cause any great influence to the overall temperature istribution of cylinder liner.
(4) In nodal analysis with finite element method, blow-by gas produces a wave in the nodal temperature. The transient temperature variation of liner top has a 30-40K peak wave as piston ring gap width varies from 10 to 30mm.
(5) Time-aging effect of diesel engine raises heat flux on combustion chamber to the trouble of engines.
